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TANAKA MITSUHIRO 



(54) PHOTONIC DEVICE AND ITS FABRICATING 
METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a photonic 
device, and its fabricating method, in which an AIGalnN 
buffer layer having excellent crystallinity is formed on 
a sapphire substrate with no crack, and an AIGalnN 
device multilayer film having excellent crystallinity is 
formed thereon with no crack. 

SOLUTION: In the photonic device where an AIGalnN 
device multilayer film is deposited to satisfy a 
relation AlxGaylnzN (x+y+z=1, x, y, z«0) on a substrate 
comprising a sapphire substrate body and an AIGalnN 
buffer layer formed on the surface thereof, minimum Al 
composition in the buffer layer is set not lower than 
the Al composition of the thickest layer in the device 
multilayer film, and Al composition x of the buffer 
layer is decreased continuously or stepwise toward the 
device multilayer film from the opposite side thereof. 
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(54) [SgijUffl*;!*] y*h-vi? : Trt-17.&£.K*:0>W&l3m 



(57) [^ift] 

[nw] *7 r -fr»«©±tc. 9 . tea 

tttC&tafcA 1 Ga I dN^>7tS*WL, -e©±&t 
*9 teftt&cflfcfuteA 1 Ga I nNf;M 

ti/cA 1 Ga I nN^^Tii^l-SlWlK, 
A], Ga, I n, N (x + y + z= l, x. y. z> 
0) CCA 1 Ga I nN^W^»«I 

«4>©AlfflfiR*. fVWA£HM*<D«*flW©Ji© 
Al»fc«±£U '<t»7rJi©A ItfJS&x*. f'U 



X 
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(2) 

1 

in&mi 1 D-yr AT. ZnO, SiC, Si, Ga 
As, GaN^Ci^Sfi${*ilt, ^O-jjCDgmiC 
mmfcmZtltcA 1 , Ga y In, N (x+y+z= 
1, x, y, z ^0 ) JtyyrMts C<D^yyrM(D 

ii^cx + ^> t Mgici o tiMS n/c a i , 

Ga, In. N (x + y+2=l, x, y, z^O) 7 s 

*47,&mmtik^7L%y * Fi»*^t-f^jc*5c> 

fiflB'* 7 7 7St0, A l «JS#*d>©SI$#(DA l 

3W/hS<«c4J:!>tc«fiSLfcCi*1#«i'r*, 7* h 
~7 *fV«-f 

[8»#3I 2 ] ii5iB^ -;77 IB*®, A 1 »JiE#*d><JDffl 
ft(DA 1 jfiJsS*. A 1. Ga y In I N(x + y + z = 
1, 1. O^x^O. 5) ilfcCitttiiti, II 

[IB«3I3] 8JIB^y7T»«. liMB»**f*K:*t>i8 20 

^gp»cc*ji>r, a i Na*»«**r*ci*wa<t 

[I9*JS4] mriaA y ^ T JB*««-r^A 1 , Ga, I 
n,N(x + y + z = l, x, y, ziOB, (00 
2) br-#*cfeW£X«n ^*>y*-^ffirj3FWH 
M#9 OarcsecOT^&^Ci*^®^*, S»#31 1 

[it*! 6 ] iufB^ ^77 Urt , xramrSB'* 777ii 
fJIB^VX^BIgiCDratCfclir, A HBj$<DS**l 

-^77^7, ZnO, SiC, Si, G a A s , GaN 

[18*^8 ] MfB^W^^B)S*<7)A 1 IWft^o 40 
HCDffiJflt*. A 1 » Ga y In, N (x+y+z = 1 . 

i. o^x^o. 3) io/cci^ti-r^, m&m 

D-yr AT. ZnO, SiC, Si, Ga 
As, G a Nfc OTT. *<0^ffi«: 

WffiSn/cA 1 , Ga y In, N (x + y+z = 
1, x, y, z ^0) Ji-jyyMt* C^'^rl© 
«ffi*cxt**^ + JU«fiCCj:0«8»ejaE3nft:A 1 . 
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2 

x-f £Ax £ 7 * h - * jr f^-f XOSijt* 

Sti^t, igE^^7 7i*0, A 1 «JS#*4>®8B 

*H0<DJi<DA 1 «URJBLb<h L, 

fUB^y^rllOA 1 fflffix*. Jj&iB^'W^MRi 

^7 7WtA l«fiStbx(Dfil^/h3< ttSi^CCMOC 

0] WK^'W^JMI*. «rsB^7 77JI 
OtfM«<fc0 fefit^^«BiaK-CMOC VDttttiJ: 

6, W*3I9CCfBtB<D7* ^^f^^(D»M 

[IMm 1 1 ] «WB^ 7 7 7*QJ$Rl3®&fi3iffiUK 

«i i o o-c«±iT-sci^#iJi-r^>, «*3iio 

in&m 1 2 ] otex 7 7 7Soj5SMB$(DSffi^ffiss 
wi 30 o'c*«ir*ci*!ita<!:-r&, «*3Hi i 

[»«3Hi 3] «BB^y7T«*fla»r*Ba<c. 

[fSsfcgf 1 4 ] buIB^' 7 7 t ■*J5RBI'r*IRCc«ffl , r 4 
tt#x/inKIW*fx) *, «rSB^<4*£JMI*J3E 

iir&iB«:ttffl-r&vBajR»^x©, iii«am^^cc» 

-&CiBtS<D7* h~7 ^^-f^©«Jt*tt. 

[tMm i 5 ] fulfil 7 7 Tm<Dsm*zicto»&wft*f 

x«W 1 m/fWSLbrft4C i t*MH4T*. 

9-1 4<D^m^— WllB«SCD7* h^-7 *?<frt47s<b 

[I9«3S1 6] bu1B^7 7 7»%, t7 7 >f7, Zn 
O, SiC, Si, G a A s , GaN4i'©lfi*ft© 

wakt-ra, tt«3i9~i soi^-rn*— «b«<z>7* 
h^7^^v^cD$ais*ft. 

1 7 ] hwb^< 7 7 7»rt. x«*5sb^ 7 7 7 i 

iWIB^W^^BBIiOIBCCte^r, A 1 flAOlltf 
1 0IK^XJeU:(Z)|HB<:»liSr4Ci*W*i'r*, IS 
3R3I9-1 6<Dt>mfr— ICBB*R©7* h^7 ^-r^W 

iibjwb i 8 3 mvr>u *&mm*p<o/k 1 w&frmx 



(3) 

3 

AU G a y In, N ( x + y + z = 
1, 1. O^x^O. 3) tLtcCtZftWltTZ, 19 

[OOOl] 
[0 00 2] 

Tte H A 1 « Ga y In x N (x + y + z= l, x, 
Ga, Ini N (x + y + z = 1 , x. y. z ^ 0 ) M 

iiimomMrtzt lto, a i nmsk 

6ft, GaNlg^i-r^Bc^TMG ( h y^;b;tf 20 

^;W>i^A) ?W?5t,>6ft, fejncDii^tc fev^OM 
5£M7*£L~t«:> N H s (7>^T) ifi— mcm^h 
ft, ^t';7^(!:Lt«N 2 feJctfH* ;WBl>*>ftT 

[0 00 3] — fl^C, A 1 x Ga y In,N(x + y + 
z=l. x. y, z ^0) flt«£KR-r&RR(c» % ±»U 

lN©^>F+>^Eg^6.2eVT$)^ GaN 30 
©^>K*>*:/#3 .4 eV-C^O, I n N©;<> F 

-y^EfiriCDHCCtt, A= 1 24 0/Eg^SB«*J* 

*2fr6tt«3ft£#<D«fiW:, -5-*l-e*lte«2 0 0n 
m, 3 6 5 nm*5<£0*6 5 3nm£&& 0 £/c, C<D<fc 

AiTMGt*I6l/t, A 1 . Ga. - . NSISJM* 
JR*flEBl//c»^ ;OF¥t7?EgB, 12(26. 2 
x + 3. 4(1 -x) t&Mxz, 1 2 

40/(6. 2x+3. 4 (1-x)) ti&m~CZ2> 0 
L/ctfoT, «*tfx = 0. 3it^i, Aft&SAtt 
«(22 9 2 nmiftS. ^Tfci&BKoOTte, 

Kiwrscttctt-s. so 
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[0 00 5] ±SfcbfcJ:5fc % iii-vBQMb«NUmm 
*4r#£A U Ga y In, N (x+y + z = 1 . x. 
y. z^0) ^JBWBMWtiWrs^y^^-FiR 
j§T&CC^fc9, -9*7 r -f TS^CDC— ffl±&CMOCV 
D&K^oTfi&A 1 , Ga y I n, NSMxb'^ + 
W Jl/J«*3**i, A 1 , Ga y I n. NifJgtelK 

[0006] *rcVs y-7 y j rmfccomffiicA 1 , g 

a y In, N (x+y + z = l, x, y, z k 0 ) <Df 
4GaN«*ffijaCVD©xt:**^ + ;!/fiSfi6C<fc«!)JK 

fiR-rici^asBstirc^. co<fc^«ciSia©cvD 

ft, ISfltt^^tt^W^^IBKiflM-r-SCi^r 
££ 0 */c, ^97Tliim GaNKOftfoOK: 
A 1 Nfll*igiaCVD<Dxfcr^*S/^;UfiRSCCj:D^J5E 

[0007] «<D«f^vx«, ii utjwaifi 
iiw©mDa»*sw««ctf5*:». a i 

&Al x Ga y In, N (x+y + z = 1, x. y, z 

[0 00 8] -tflCWftW, 7^ 5 y 9 (tfrT-jeRo 
>JvS£) AU Ga y In, N (x + y+ z = 1 . x, 

y . z ^ o ) mm* r >\> \ iu8*w s & ( «Hf je»** 

y * *ttA 1, Ga y In, N (x + y + z = 1 . x. 
y , z ^ 0 ) ffR®ffi^fiJ$&XKKa< , MttOl 
t«A'.^ 7 lli, A 1 * Ga y In,N(x + y + 
z = 1 , x. y. z ^ 0) <Df f ^-/^^HI8©eft14© 

jbuw^ b u x h * ^ 1 1 » 9 m is* 5 * ^ - 

[0 00 9] C©<fc5ttXj^*»*rt"*fc«>«C, P9*fct 
«fB8¥9 — 64 4 7 7-^fiffiCCtt, ^7r^TStg©± 
(C, Al, Ga, N(Ux>0) S^^rl 

iitMi, -€-cD±ccr;i/5 y ?m i,Ga, i 

n,N(x + y + z= l. x, y. z^0) ftUtt 



5 

[00 10] 3 1#gg^5-2 9 1 6 1 8#&*CC 
tt. if7r^T*S*f*©±CCGai - . - , In, A 

l,N(Ux20, 1 2y20) «I**«JiSU *® 
««x*iJ:c;/**:tty*»b3#'C»»Wtt:G a 
i - . - „ In.AUNdiaiO, 1 2b20) 

JC, Ga, - . - » I n » Alb N ( 1 2 a 2 0 , 12 
b2 0) *>6«c&^-f^*»«*J5)t«Lfc«*^W 

[0011] 10 
[ft«tfft%?^*BNB] JtaLfcWHWQ — 6 44 7 
7#^tCgBttSnfcJRa5r«. iSSA 1 GaN^?7 

x Ga, In x N (x + y + z= l, x, y. z20) 
[0012] L*»Lsttft*6. A 1 GaN^'^77l« 

mrz^jsmmm.* 1 3 0 oxja±±i&< 

*4. AlGaN^-^riOffiBatC, 1 5 0 20 

ox:^o*c*jBfl[rT--^*r*eSW#** 0 ceo 

J;5fc:, iSiaoteffl^*^**^, MOCVDJIS 

[0013] «fCC, iiEU/cJ: 5 K:jg?ftfiCMfc£»** 

f^-f^lHtCT^S'J^^&AU Ga, In 
, N <x + y + z = 1 , x. y. z 2 0) JR«RI*&£& 

[0014] C Crj&JliSJg* 1 20 0 °Cffg6C®< T 
0. 3 ii mflffi Oift^ »7TitC^7»d'^ 

[0 0 15] *te, ±&Lfc4*H¥5 — 2 91618^ 
^>$BCCfBiS$n/cS»j-C«, Ga.-,-, In, Al 
,N (12x20. Uy^0)^77 7 l©fflflcx*J 40 
•tW/*fctty*SWtS*T«t»«:Ga, - . - » I 
n. AU N (Ua^O, 1 2 b 2 0 ) CDJ&dE&tci 
<fc5KU *©±CC, Ga,-.-t In. AUN 

(12a 2 0. libi0)*6«f^-f^Wt 

-So zhic. rtyyTmoismmBL**. 7oo-cigi 

[0016] L*>btt*s&. cc04»d!SJI5CC*jc»t«. 50 
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[0 0 17] U/c#oT, ^B^cDBWt -y-^r^T 
Si CSS, GaNlfitttOKc, Zvvtrifi 
ft < . *SSt4«:«*i/c A 1, G a , In, N (x + y + 
z=l. x, y. z 2 0) Ay^yJItecfctf-tOiOCJ. 

BttCCtftifcA 1. Ga, In, N ( x + y + z = 1 . 
x. y. z20) ^WX?lK4ff-57* 

[0018] 

i^^-fXW, t7r-f7, ZnO, SiC, Si, G 
a As. GaN^i'^liWiLt, ^<Z>— ^CD^B 
&cJi1Hfl5J«$ft/cA 1 , Ga, InzN(x + y + z = 
1. x, y. z 20) ^vVrmt, CO^vVrMO 
Stffitcxt Z + K>mm&l3l2titc A 1 , 

Ga, I n* N (x + y + z = 1 . x, y, z 2 0 ) f 

T, KB^^??!*©, A 1 fflflt*s«iJ><D8B»CDA 1 

IMB^-f ^BJg^cD^fc < £ i>$ckmm<o 
Huisf^v x^/ijg<t rasa-mi <t d 4*&mm 

ttftttr, a»«*fcttxf^tt(cA l ttAItxofli 

[0019] C<D<t9«c*«?acCct47* v 
MftllSSflWcfc^TW:. fjfE^V^^JlJgtpCDA 1|B 
T'£&> A 1 x Ga, In.N (x+y+z = l, 1. 

0 2x2 0. 3) ±?zc£&m£isi,>o ttc mn&* 

v V ym*P<D. A 1 &J&&&$><D$m<DA 1 A 
UGa, In, N (x+y+z = l. 1. 02x2 
0. 5) £?2>C£Dm&L< % S6ic«l. 02x2 
0. 7£r*ti##*l/l>. 
[0 02 0] ^6^c, *^BJtcJ:S7^ h^^^^W 

[0 02 1 ] Sfc. BJiB^^7rJl*CC*Jl^. All 



msec. «rE^^^JBiii«na^^7T»i 

OH«:*5C»r, A 1 ffl/£<DM# 1 oja-T-%«±(Dlfffl«: 

[0 0 2 2] 3 6K:, **Wc<fc*7* h~**f^W 
^©UJt^ffitt, 1f7 7-f7, ZnO, SiC, Si, 
GaAs, GaN^4'«:I»l*ilt k tO—^COm 
ffitcmm&J&ZtltcAl* G8L y In, N ( x + y + z 
= 1, x. y. z ^ 0 ) rMt. CCO^vVrM 

commie xt^^t )i>f&&c ^ *) mmnm i 

. Ga y In, N (x + y + z = l, x, y, z^O) 

m^mm<Dm<DA i ffljaw_b<t u . mib^ ji<d a 

it x (Dfit^s/jN 3 < ft & <fc 5 CC M O C V D m (fC J: 9 JBjsW 

[0 0 2 3] C©*^^*«WtCj:SlJjS^ffi(D»ate 
SHffi««:*Jtir«, BuE^->7rJB«r, ffifsB^VX^- 
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[0 02 4] UIBA U Ga, In, N(x + y 

+ z = 1 . x, y. z ^0) tX&&tii<Drty 7 7 i*JS 

[0 02 5] gfc, miSBA 1 „ Ga y In, N(x + y 
+ z = l. x, y. z>0) te&mi&<D^v 7 rmZlS. 

* ^»is*/£)K-r s bshcgmt * v mmnxx 
<o. iimmwxfciet-rzmmbt (vmjtmxx/iii 

20 & 0 

[0 02 6] 36K, A 1 ftd^mJJUWft^iVlR 

* (1) U-.tlSn^c 
[0 02 7] 

mi ] 



{ o # C8H»©;tf;***<D^ft W^/»)/«)x itf x ^i^fchWr ©KlSWKffiBI 
(m 2 ) } 



X {760/J^«rtEbCTorr)} 
[0 02 8 ] Tttto^ £;*xift**s£H>«<!:\ £/cK 

cfc 0 $hm «fc|fij± 3 £ C t *sr # & o 
[0 02 9] 3*>K:, &$LWt£Z>y * Y-v*?** 

D-yyJT* SiC, GaN&4'©Sfi*(*r^L, 

;< 9 7 7« 1 0 0 mnSaO«*rjgfiSL//c« 40 

[0 03 0 ] ±seute**W*cJ:*7* h-y*?vW 

«CDA m^at^OBCDffl^, Al. Ga, In, 
N(x + y + z = l. 1. O^x^O. 3) tTZCt 

[0 03 1 ] Lfctfot, ^<DJ§B&cSJ13*i&Ji£©A 
lttJSK*3&fc**<ft*. m«JH6»4A*3 0 0 50 



(1) 

nmJH*©S(»f«*ffl3qrr*i, AlftSxttO. 3i 

* OA 1 JfflfiS*5«^©»OfflJ5S*. A 1 x G a y In, 
N(x+y + z = l, 1. O^x^O. 3) iL/c 0 
[0 03 2 ] 3^tC, *S?8CC*jC»rtt. IWB^^^t 
H*©. A 1 ffiWt^S^OA 1 M^:, iiJfBfv'* 

©Kff ^>S:ncD* -5> * ^ ^ 4}rp±T & 
ififcfttctt, cogJ:H^^7l©Alffl^* 

[003 3]^fc **MCC*JC»T». BugB^^^yJl 
(DAlMxi, MIBSffi*<*fiyj:0f r ^VX^Jl^Cc 

/h3 < ft* J: 5&c«Nc*r£#, c©Stttt*»W©*4 



(6) 
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[0 0 34] fi£3fc©cfc 5ft 1 3 0 0 °CW±CD 

(KBifle/B-tt-r. 1200 •cgH©ffiar*gsi£a*m# 

» 7 r n^jssuR-r * c & * m w t *r 4 t> cor * 4 
as, 120 o*ce«cDfiarm»a:ttJM4*W'r*A 1 

, Ga y In, N (x + y + z = l, x. y. z^O) 

//m*>iE>2 umgR*TI5<T4£*#*4. 
[0 0 3 5 ] l^U^^e, '<?7TJl<DfitflE*C©<fc 
5Kl/5<-r44*5 * ^*5»StLTb*5ilOn«3» 
*4 0 ^ODffiSW:, /<!?7TJB*JBliSLrC><IK(C5lo 10 

¥%3kifi± *<&ot^7-;^A0a< ft 4/c#T * 

[0 0 3 6 ] C©J:5ttWjBI*JW»t'r*fca6«:tt, ^ 
?*4SA«1Nc. ^^7rJi©t#*4*«HF-S»©^*«c 

CC, A-;7rl0A 1, Ga, In, N(x + y + z = 
1. x. y, 2 ^0) fflBtOA l«JiS*a6LrCK C 
4te«fcoT«^Ett***<ft4fc«>* ^?77irt» 
r©jc6**i»<ci*sr#. <e<z>Mm4UT 1 2 occ 20 

[0 0 3 7 ] i^L/Ccfc^CC, ^jfclHtab^tTtt, aC* 

i>SK#^g4ft4/t#>*r&4o utc&^x, ^^m<o 30 
4. 

[0 0 3 8 ] ±&0/ccfc5ec, ^^7t»*»SEL/TI» 
<RteSlo»9J^#^T&C4CC<fcoT. 

M 1 tt. HMWc-rc? 7 rlB©S(**<*fflJCC*$W4 A 1 N 
9. *ffi*A&ct<DA 1 NROtSAttOSS 
4ft* (0 0 2) fcT-*<DX«ln <?*>#*-zr<D¥i& 
lU (FWHM) ^TfcOW^ A 1 N 

<ft*ccu/c3&Sor^fflrt3^s<ftO, 8fitt*sfi» 40 
4ft4C4#*>*P4o 

[0 03 9] 0 2A*5<fctfBra> «B**CA 1 NMOHJl 
^lAtCA 1 N«O«»je*afcJ:0fb**tl* 
niX-pt^fcOT$,!) 0 CCt, t&^5£»afc«fctfb 
teB3K:7jrrj:5K: % *7 r -TTStS*i*(7)C-S±tc 

*l^j|jB«A 1 NBKDffiffiWfttSTSWSr^-rfcOr* 
4„ cti6^*7*6m&4>ftJ:9CC. A 1 NH(DR* 
*W < ft * CC L -5 T % tt^Ktt a tm&. *£T-*E& 50 
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[0040] B±OC 4*>6* A 1 NKOMWAK ft 
J@Ra*SBcm>< C4#to#>4. -Tftto%, A 1 Nl 

[0041] s/c. mise 

M^ri*IC*jt^ A 1 tUfrDttfti 1 0fi«ti± 

-c*4»ffi*«-r4c4**#* ic^o Prtitc, ime^-* 

-f^*»«4W«B/<?r7rJB40IH«:*5C»r, A 1 ffijft 

*^®)II£S^ir 4 C 4*s?fr 4 0 
[0 04 2] 

-f7 (AUOb) iMUMOCVDI^AO 
/c 0 LT, C©»R;«*©*E»BL -rft^-^^s 
1 2 0 OT;&C«o45*&£J$ME^ 1 5 T o r 
rtCffioT. TMA^III^O/^?4^X4U, T>^ 
T*N«©J»B;tf*4U Htm*?**:** VTtfXtL 
X % ±#XffiM&l 0 *)v hJl//#4ft4<fc5tea»Al/ 

ratasssttTt^ a i N8S3 *mo . 5 ix mcommitc 
[0043] ^*ur^4urffiffl-r47K 

3R^^ZiC«a3R^©SlE«tb (H 2 »1/N, iSS) » 
»Jt*4ft4„ ni«JH»*f^«at«:»-}-4V|R 

XfifcS) «4 5 0 4U JKHSftfttfl /zm/B*IH4tt4 

*»±»r©HJ*»KlHI*S5X 1 0" 3 m 2 <D}ftMJ5 
JM*flfl»Tl>4fc«>. ( 1 ) atJ:0fl«ft^/XSta«:Bt 
JTT44, 1. 7m/#4ft4o 
[0 044 ] *WCtt, ^-;77i2 CDSffi^f* 1 CC^ 
fcifil»SP^*A 1 NH3r»J5Sr*. ttl^rnUROJR 
^iltTMG^tet, A 1 o . o 8 5 Ga 
o.o,6 NB 4*««0. 5 amCDHilCC^cIlL. $ 

o . a 6 Ga 0 . is Nflg5^rC5t3fO. 5 /xmOgf^ 

ffi_h^C v A 1 NHI3, Alo.ga6Ga 0 .o. 6 N 
I4MA 1 o . a e Ga 0 . . s NM5*>6&&. « 
HI. 5 MmOif©/^ 7 7 I2*Ml/cSfiS:i 
^•T4o 

[0 04 5 ] CCt, ^ (ViS©M*43tf^©Sfea/lI 
lKl<Dll*4^(DSSS) £-^C^4<£M£Mf4#*#t 

xssfi«^i5S-a*rciftci. 

[0 04 6 ] C<D»^CC*Jl*T. A'-;7 7l© (0 0 



(7) 

XL 

2) V-t?<Dtiv*>#*?-7¥mm (FWHM) «5 
Oarcsecrtot A 1 Ga NJH4RCX5 

T\ A 1 GaN«4rt«:tt(jK>*«©«ttt^-Cl^ 
iltfc, COKffisWAl GaN«5tce«-raW^tt 

[0 04 7]^ ^^7l2(D«, MOCVD 

J&TSo CflDttte. ±JElfcI«*MOCVD»I*6 

*WC«3iar«l»TA 1 , Ga y In z N (x + y 
+ z = l. x. y. z^OXDf^^IBSit^f 

[0 04 8] ^«OSC«BBai2±iCLft:^< >7r 

■2 **jisr*isw>*«affiaar** 1 2 o o -cj: ^ 

SR^J^*jJ:tfa*#^0««]:t (H 2 iJfeS) 

2 *s«r*HC!>a£ath«±©2 000 ic&m.-t a. 
1 0 0 4 9 ] #»p-ctt, ±»i/fcct5«;*+y7^ 

oak* ^97712 tiyrjUffttisjitttirrsA 1 

, Ga y In, N (x + y + z= l, x. y. z^0) 
Bt*JSSBI'r-5CC« % 

IAM£#«ffctsT (0 0 2) ^^X8n?t> 30 
y^-^©*flM (FWHM) ^lOOarcsecH 

[0 0 5 0 ] 3 6tC, ^^7 7 12MT^viS 
[0 0 5 1 ] CC"t\ f^VX^JlIICDJ&^CO^T 

iiK©jH»^<DaMUt*/hs<r*t. «*»tt^se 40 

fbr*&*i***<5. A 1 * Ga y I n, N 

BWaSyinHRWftSi, 

S^^bOTLS^/cfe"C*4. C(D/t&>, f^Vx 
^Ha^(*i UTO»3a$ttteJ:o*S^tt^{bUr 

[0 0 5 2 ] «TCC % 7*fi^f^^tUt©» 
ffiCC, nS<DGaN«6*«3 3 amCCJBfiJE-rS. CCD 50 
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c.86 Ga 0 . i 8 Ni5MGaNi6ffl{C*JW-5 
A 1 1 O^li^otl^Or, Al 

o . 8 6 Ga 0 . i6 N«5*«:Jt«tt^*©«tl«:4 
^fciltfe, CO«gffi^GaNK6rttCfeJa-r& 

[0 05 3] C(DGaNi6«f^VX^Hit}]-c«^ 

sua±-c * a ± i » s * wa-r a □ 

[0 05 4]XW GaNH£6±&CnMcDA 1 

0 . i o Ga c . qo NflS7£j?£0. 1 »mt t cBf&-? 
£ G CCDA 1 o . \ o Ga 0 . oo NK7±tC 
#fercJl<hUTCDI n 0 . , b Ga 0 . a 6 NM8£J¥;* 
0. 0 5 uml<cBl$ l -?& 0 2 6iC, I n 0 . i b Ga 
o.86 NHI8±fc:p^<DA lo. ioGa 0 . g o N 
J^9£Jf£;*0. 0 5 /imteJftsKLfcfft. COAl 
o.io Ga fl . 0 o NM9±&C, (SffiKplOGaN 

[0 05 5]*»{C, GaNl6^p^OGaNIl 0 
©— W»*J.^^>yccj:«5l»*l/, Ga NK6 CD— 95 
^ffi^rSai^-tiao GaNJ^6CDf5ffib/cSl 
®±Km®l ItlBtftr&ttklc. i&t&IKcOGaNm 

f^-f 

[0 05 6] Sfc. ±^Ofc»*^W ^(D^SSWi L 

££ e H5&C7*T<fc5*C'<*:7yJB2©»ffite, 5feT. 
Alffl^O. 8©nMOAlGaInN16^1-2 
am<DIR«^JiJrr-S. C<DA 1 Ga I nN«6«\ r 

CCOmm&ftDA 1 Ga 1 n Nfli<DA 1 fflfiR«±iT 

[0 05 7] HSCCTjVT <fc5lc, A 1 Ga I n 

N«6(D±CC % Alfi^O. SOnlOAlGaln 
NBt7*««0. 5 um<Dmm< t Cf8$&?2>. COft^CC 
*>t,>T, A 1 Ga 1 nNH6Sa f 7PJCC*jWSA 1 
<Dg#l O^tiiitt-on^Or, AlGalnNl 

6rtccib$5W^ffi<DKfi^^Tai/c<borfc, c<Dfc 
tt#A 1 Ga I nN«7«:fi«-r*«^ll!W>'r*. 
[0 0 5 8] *Xl*T* A 1 Ga I n N«7±CC*#J1£ 
ItAiaWO. 4(DAlGaInNi8«r«S0. 

1 MmCDMiltC^f -5>o C<Df&#BT?**A 1 Ga I 
nN07(D±tC, A1W0. 5CDpS<DAlGaI 
nNB9«r««0. 5 umOmmdCfSLBL , A \ WSLifi 
0. \MT<D{&ffln(DpM<DA 1 Ga I nNKl 0%S 
tfO. 5 amCDflgiStC^jgf So 

[0 0 5 9 ] fil(C, A 1 G a I n NM6 - 1 0 CD-SP 
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#*x*^>^CC<fc9|&£UTnS<DA 1 Ga I nNM 

i 2^^r^>o 

2> 0 m 6 tc^rf <fc McStS 1 Office, A1N13, A 
1 o . 9 8 6 Ga 0 .016 Nflg4teJ:t>*A 1 c . e 6 
Ga 0 . i s NR5J:0fiS4^^7rJ12*^Lte 10 
fSL C<D-n*7yJ»2<D*fflK:, 5tr, A1W0. 
SCDnMCDA 1 Ga I n NJH6 £ 1 - 2 u mOJBIftCjg 
EST*. 

[0 0 6 1 ] C0A 1 Ga I nN!6tt, ?*4 7&m 

~K<D& 1 Ga I nN^6<DA 1 fflJ&kliif S. 
[0 06 2] SefC, 06«:ijVf <*5fc:, A 1 Ga I n 

NM6CD±&C, A 1 fflj£#0. 5 CDnon-dopeCDA 1 Ga 

I nNH7*««l 0 0 A(DBOT«:J5JEJBIL, £6K v A 20 

LflfifePO. 150plOAlGaInNH84aBl 

0 Onm©«WC]0aRU AlGaInNl6- 
8<D— 8U^*Xy^>^fcJ:«3l«*LrnS!©A 1 Ga 

1 nN«6©—«^atffi*»H3#. -ec^msi 1* 

»«T*4*«CpfflA 1 Ga I nN]B8<D±tt:fcWSl 

[0 06 3] 0 6Kl7Kf h #4*— F<D*Sb%fflttM 
mi 2«raiB«ffiiLTISIC!>±flli|<b-rst:i*>r#* 
U SKI *a9Bi-rS»^K:tt«RfliJ<fc-r*Cife'C 30 

[0 0 6 4 ] ±2*L/c<£5CC, X * 7 t Jl 2 ©JiRJ^fef* 
£ Lt, ±12 ( 1 ) *r#»fc¥*S*/Xifca* 1 m/» 

eLbir*. H7it «w*ccw^«a*wo, rot 

tc«Sfitt*«-rXj»nv*>y*-^<o*ffl[rl3 ( FWH 

«*©#*aut rost^am avsiwrtff* 
(i) «*fflc»ra»HiUfc^^8tjiof r --^'r 

*4o H7*693&jWM:51C. lm/ 

SCiCCJ;0. *ffirl3FWHM#9 0 ancsec 40 

[006 5] **18tt±asute**«CC(D*BS3ha 
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£0tt<b4M£A* SiC 4 Si, GaAs, GaNfriT 

F*\ U— Jfy-f*- KfttfOffi®**^-^ 
[0 06 6] *fc, ±aU/cH«SW|-C», t7 7 >f7S 
EfcgfciJ: *)1$mL,tc&* £«#f*±«: 1 0 0 umm&O 

6 cc ^<omc * &mmz mm? & c £ *> r * * . 

[0 0 6 7 ] ±3ib/ccfc^CC % *»l8CC<fe*7* I--* 

a£**tt< • «fftttt«t**r*A 1 , Ga, In, 
N(x+y + z = l, x, y, z ^ 0 ) * ? yjg© 
±CC, ^tt«llttS:*rr5A 1 „ Ga y I n, N (x 
+ y + z=l. x, y, z ^0) O^-fX^JlH^JiJE 

[0 1] AlN^^TWIWi, tSAtt&OHffi* 

[0 2] AteAtfBtt, AlN^777lOBBIi, 
*)SK a <fc b £ ORHSt^t ^ 7 -C* S. 

[0 3] a i N©»jM«js*«ai»K:5%fiBia-r**. 

[0 4] **^-/^<bUr«fl6L/c*»98«:J:*7* 

[0 5] rac<iB4©xa©*©xB*s%rKnH-e* 

[0 6] A^/<^x^LT«JSl/%4%qBK:J:&7 4- 

[07] ^ 7 7Tjian«6ci5»&^^xat3K£«o 

1 C-It7 7 ^7lg*ft, 2 /<»7rE 
3 A1NR 4, 5AlGaNi, 6, 7 nS 
AlGalnNI, 8 »3felB. 9 p^AlGa 
InNK 10 ttlSpSAlGalnNE 1 

1,12 mm 



(10) &m 2 0 0 2 - 1 7 6 1 9 6 



F #-A(##) 4K030 Mil BA02 BA08 BAH BA38 
BB01 BB12 CA04 CA05 CM2 
J AO 5 JA06 3A10 LA14 LAL8 

5F041 CA33 CA34 CA35 CA40 CA41 
CA46 CA60 

5F045 AA04 AC08 AC12 AF02 AF03 
AF04 AF09 BB12 BB13 CA09 
CA13 DA52 DA 5 3 DA58 

5F049 MA04 MB07 PA04 PA14 SS01 
SS03 SS04 WA05 



